Introduction
============

*Listeria monocytogenes* is a Gram-positive foodborne pathogen that causes listeriosis in humans. Food contamination by *L. monocytogenes* may occur due to their ability to attach and form biofilm on stainless steel and other surfaces ( [@B09] ; [@B21] ; [@B13] ; [@B27] ; [@B29] ).

The attachment of bacteria with subsequent development of biofilms on food industry surfaces has important consequences. The occurrence of such structured microbial communities in food processing plants represents a reservoir of microorganisms and serves as a potential source of contamination of raw materials and processed products ( [@B29] ). Biofilms are difficult to remove and may require additional physical and chemical mechanisms to reduce their presence and occurrence ( [@B16] ). It is known that *L. monocytogenes* can survive sanitization procedures. Among the chemical sanitizers used in food industry, chlorine and peroxyacetic acid, which were used in this study, are considered the most popular and traditional sanitizer ( [@B16] ; [@B22] ).

Bacterial populations in biofilms are normally enumerated by detachment of cells followed by agar plating count. However, accurate quantification of bacteria in biofilms may be difficult due to the possible presence of cells in the viable but non-cultivable (VBNC) state ( [@B03] ; [@B17] ; [@B05] ) *.* VBNC cells can be detected by double staining with chemicals such as 5-cyano-2,3-ditolyl tetrazolium chloride (CTC) and 4, 6-diamidino-2-phenylindole (DAPI) because these chemicals differentiate live and dead cells and can be used combined to cells counting under fluorescence microscopy ( [@B03] ; [@B17] ).

Real Time Polymerase Chain Reaction (qPCR) is other method for biofilm quantification, but presents the drawback of not discriminating DNA from live and dead bacterial cells ( [@B03] ; [@B12] ; [@B23] ). To avoid false positive results in qPCR analysis, some authors recommended the pre-treatment of samples with ethidium bromide monoazide (EMA) to inhibit selectively the amplification of DNA from dead cells (EMA qPCR) ( [@B26] ; [@B23] ; [@B18] ).

The aim of this study was to evaluate the viability of *L. monocytogenes* biofilms after treatment with sanitizers using plate count, staining with viability dyes combined with fluorescence microscopy and qPCR.

Material and Methods
====================

Bacterial strain
----------------

*L. monocytogenes* ATCC 19115 was used in this study and stock cultures were kept in Brain Heart Infusion broth (BHI, Oxoid, Basingstoke, UK) with 20% (v/v) glycerol (Synth, Brazil) at −80 °C. Working cultures were prepared by inoculation of 1% (v/v) of stock cultures of *L. monocytogenes* in BHI and incubation at 37 °C/24 h.

Biofilm formation
-----------------

Stainless steel coupons (7.5 × 2.0 × 0.2 cm, AISI 340) were pre-treated as described by [@B19] , set vertically in a round support, placed in a beaker, covered with aluminum foil, and sterilized in autoclave at 121 °C for 15 min.

Approximately 800 mL of BHI broth were added to a beaker containing the clamped stainless steel coupons, *L. monocytogenes* was inoculated at ca. 10 ^8^ UFC/mL, and this system was incubated at 37 °C for 24 h, under constant agitation at 15 rpm (Fisatom, São Paulo, Brazil). At the end of incubation, stainless steel coupons were aseptically removed from the support, followed by flooding the biofilm slide in peroxyacetic acid (1:40 v/v) solution for 3 min. or in sodium hypochlorite solution (140 ppm) for 3 min ( [@B25] ). After treatment with peroxyacetic acid and sodium hypochlorite, sanitizers were neutralized by covering the slides with sodium thiosulfate solution (1% w/v, Merck, Germany) for 3 min.

In this study, to consider that a biofilm was formed, at least 10 ^3^ adhered cells per cm ^2^ should be quantified ( [@B19] ).

Enumeration on agar plates
--------------------------

After sanitizer treatment, the coupon was rinsed with 20 mL of Phosphate Buffered Saline -- PBS (pH 7.4) to remove non-adherent *L. monocytogenes* cells. Next, adhered cells were removed by manually rubbing the upper surface (15 cm ^2^ ) of the coupon with a sterile cotton swab ca. 100 times and it was transferred to a test tube containing 10 mL of PBS. Serial dilutions were prepared and 100 μL of each dilution were surface plated on Tryptic Soy agar supplemented with 6 g.L ^−1^ of yeast extract (TSAYE, Oxoid, UK) and incubated for 37 °C/24 h. Results were expressed as CFU per cm ^2^ ( [@B19] ).

Double staining with CTC-DAPI combined with observation by fluorescence microscopy. These experiments were done based on [@B04] , with modifications. For that, the surface of the coupon was flooded with 2 mL of 5 mM CTC (Polysciences, Warrington, PA, USA) and it was kept in the dark for 2 h at 30 °C. The staining solution was drained and the biofilm was fixed for 30 min with 2 mL of formalin solution − 4% (v/v) formaldehyde (Synth, São Paulo, Brazil). DAPI 1 μg/mL (Sigma-Aldrich, St. Louis, USA) was added to the surface of the slides and left for 20 min at room temperature. The coupon was rinsed with PBS, a cover slip was placed on the top of the slide and it was observed using an Axioskop fluorescence microscope (Zeiss, Oberkochen, Germany) under 1000 magnification with immersion oil. The total number of cells (red plus green) and the number of living cells (red) were counted from 10 random fields of 1.9 × 10 ^−3^ cm ^2^ each. The results were expressed as the number of bacteria per cm ^2^ .

Real Time PCR quantification
----------------------------

For studying *L. monocytogenes* in biofilms by qPCR, coupons were removed from biofilm system, rinsed with 20 mL of PBS and adherent cells were removed from both sides of the coupons (30 cm ^2^ ) with the aid of a sterilized swab. The swab was immersed in 3 mL of PBS and the DNA extraction was performed as described by [@B14] . The amount of CFU equivalents of DNA present in the PCR reaction tube was calculated according to [@B07] , assuming a genome content of 1 molecule per CFU.

The primers used in this study were obtained from Invitrogen (Carlsbad, USA) and they specifically detected *L. monocytogenes* (L-1:5′-CACGTGCTACAATGGAT AG-3′ and L-2:3′-GATTAGGGTATTTTGATAAGA-5′). They were previously designed to amplify a 70-bp sequence from the gene encoding 16S rRNA of *L. monocytogenes* ( [@B28] ). The amplification was performed using a real-time PCR system MiniOpticon (Bio-Rad Laboratories, Hercules, CA, USA) equipped with the Opticon Monitor Analysis Software - version 3.1 (Bio-Rad Laboratories) for data acquisition and analysis of results. All PCR amplifications were performed in 25-μL reaction volume with 4 μL of culture lysate (target DNA), 12.5 μL AbsoluteM SYBR Green QPCR Master Mix (ABgene, Surrey, UK), 2.5 μL of each primer solution (0.25 mM of each primer) and 6 μL of purified water. The conditions for PCR reaction comprised an initial denaturation step at 95 °C for 15 min and 45 cycles of 95 °C for 2 s, 55 °C for 10 s, and 72 °C for 10 s. The thermocycling program was followed by an additional heating step done at 0.3 °C/s, from 65 °C to 90 °C, to obtain the melting curve. Specificity of amplification was confirmed by agarose gel electrophoresis and the results were evaluated according to [@B28] and [@B07] .

The threshold cycle (Ct) values obtained were plotted against the calculated number of DNA copies to obtain an analytical curve for quantification of DNA in samples from *L. monocytogenes* biofilms ( [@B12] ).

For preventing amplification of DNA from dead cells, the use of EMA prior to qPCR was also evaluated. Biofilm or planktonic cells were obtained as previously described, the tubes were added of EMA (Sigma-Aldrich, St. Louis, USA) for a final concentration of 25 μg/mL ( [@B26] ; [@B15] ) and kept in the dark for 5 min. Uncapped tubes were cooled on ice and exposed to halogen lamp (500 W) (FLC, São Paulo, Brazil) for 5 min at a 20 cm distance ( [@B26] ; [@B15] ). Bacterial cells were centrifuged at 12,000 *g* for 1 min, the pellet was resuspended in 100 μL of sterilized water (Milli-Q, Millipore, USA), and lysed as described by [@B14] . Controls were run with planktonic cells of *L. monocytogenes* non-heat treated or heat treated for 10 min prior to qPCR amplification.

Statistical analysis
--------------------

Results were expressed as means ± standard deviations of at least three independent experiments and biofilm formation in BHI broth was used as control. One-way ANOVA followed by Bonferroni test was applied to verify significant differences (p \< 0.05) among methods and conditions (Sigma Stat 3.1-Systat Software, Richmond, CA, USA).

Results and Discussion
======================

Sanitizers and cleaners such as peroxyacetic acid and sodium hypochlorite have been used to obtain good manufacturing practices regimes to prevent the accumulation of microbial cells and consequent biofilm formation in the food industry ( [@B08] ; [@B02] ; [@B06] ; [@B16] ; [@B29] ).

In the present study, plate count method revealed that treatments with sodium hypochlorite and peroxyacetic acid (respectively, 2.83 log cfu/cm ^2^ and counts bellow the detection limit of the method 1.2 log cfu/cm ^2^ ) were efficient to reduce *L. monocytogenes* population in biofilms formed when compared to results for biofilm grown in BHI broth without treatment (control) (p \< 0.05) ( [Figure 1](#f01){ref-type="fig"} ). A decrease was also observed in the *L. monocytogenes* biofilm cells count by CTC staining after exposure to sodium hypochlorite and peroxyacetic acid (respectively, 1.6 and 2.1 log cfu/cm ^2^ counts) (p \< 0.05). However, qPCR results indicated that only sodium hypochlorite treatment was efficient to reduce the biofilm cell counts in comparison with the cells obtained in BHI broth (control) (p \< 0.05).

![Population of *L. monocytogenes* adhered on stainless steel coupons enumerated by plate, direct fluorescent microscopy with CTC-DAPI staining and qPCR: BHI) Brain Heart Infusion (BHI) broth; perox. ac.) BHI broth + treatment with peroxyacetic acid (1:40 v/v); hypochl.) BHI broth + treatment with sodium hypochlorite solution 140 ppm. Results are means of triplicates and vertical bars show standard deviations. Brackets indicate statistic difference among methods used.](1517-8382-bjm-46-01-0231-gf01){#f01}

Results on the efficacy of disinfectants are in agreement with results found using planktonic cells instead of biofilm cells ( [@B24] ). Also, [@B02] and Mittelman (1997) found that the number of cells forming the biofilm of *L. monocytogenes* in stainless steel coupons decreased as the exposure time to 2% peroxyacetic acid increased leading to no detection of biofilm cells after 6 min of exposure. The authors also reported that low concentrations of sodium hypochlorite, in the range of 0.5 to 5 ppm, were only inhibitory to biofilms adhered to stainless steel surfaces. However, despite the good effectiveness of peroxyacetic acid, the length of treatment and sanitizer concentration applied must be adequate for inactivating *L. monocytogenes* and it is also important to note that food matrix components can change the activity of the sanitizer ( [@B01] ; [@B11] ; [@B16] ).

The comparison between methods showed that counts obtained with CTC staining were significant higher if compared to plate agar count, after treatment with peroxyacetic acid, probable due to the presence of VBNC cells that were not detected by culture method. On the other hand, qPCR presented significantly higher counts in comparison to CTC counts (both control and treated samples). Therefore, these results confirm that the qPCR method only is not able to discriminate DNA from live and from dead bacterial cells and could lead to false positive results ( [@B03] ; [@B12] ; [@B23] ).

Combination of EMA with qPCR was not an adequate tool for quantifying viable cells of *L. monocytogenes* , since EMA inhibited DNA amplification of planktonic *L. monocytogenes* cells by ca. 2 log cfu/mL (data not shown) regardless if cells had been submitted or not to heat treatment (10 ^7^ *vs.* 10 ^9^ ). Similarly, [@B10] showed that after EMA treatment, populations of *L. monocytogenes* by qPCR were also underestimated. Improvement and further standardization of these methods are necessary to avoid loss of DNA from viable cells and to permit the selective quantification of viable organisms.

Conclusion
==========

Overall, our findings demonstrated that some sanitizers can be used to reduce biofilms. Also, this study highlighted the importance of the method used to quantify the cells since by plate count the viable *L. monocytogenes* population in biofilms can be underestimated and by qPCR could generate false-positive results. The attempt of using EMA pre-treatment in PCR reaction was unsuccessful because it also inhibited the amplification of viable cells. Thus, we concluded that the use of CTC counts was the best choice method to count viable cells in biofilms.
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